Background: The risk of malnutrition is widely recognized in institutional settings but few studies have been conducted among community-dwelling older people. The objective of this study was to describe the nutritional status and factors associated with possible malnutrition among community-dwelling older people. Methods: A randomly selected sample (n = 696) of persons aged !75 years were included in the study. Baseline information was obtained for nutritional status (mini nutritional assessment short-form MNA-SF), depressive symptoms (15-item geriatric depression scale), cognitive status (mini-mental state examination MMSE) and daily activities (Barthel ADL index and Lawton and Brody IADL scale), self-reported health, oral health and medication use. Univariate and multivariate regression analyses were conducted to identify demographical, clinical and functional factors associated with possible malnutrition. Results: Of the 696 participants, 15% had possible malnutrition. In the univariate analysis, low MNA-SF scores were associated with advanced age, poor self-rated health, dry mouth/chewing problems, depressive symptoms and an increasing number of drugs in regular use. Higher albumin level, ADL, IADL and MMSE scores, and the ability to walk 400 m independently were inversely associated with possible malnutrition. In the multivariate analysis, dry mouth/chewing problems (OR 2.01, 95% CI: 1.14-3.54), IADL (OR 0.85, 95% CI: 0.75-0.96) and MMSE scores (OR 0.90, 95% 0.85-0.96) were independently associated with possible malnutrition. Conclusion: Being at risk of malnutrition was common among community-dwelling older people. Problems with mouth, IADL and cognitive impairments were linked to possible nutritional risks.
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Introduction

N
utrition is an important element of health in older age. Adequate nutrition helps older people to maintain activities of daily living, to preserve their functional autonomy and continue living in their own homes longer. 1 Ageing, however, is accompanied by physiological, psychological, social and economic changes, which may expose older people to inadequate nutrition. 2 Among communitydwelling older people, several concomitant diseases, symptoms of depression, [3] [4] [5] and functional dependency 1, 4 have been associated with an increased risk of malnutrition. Unintentional weight loss also needs to be considered as an adverse health indicator even among obese older people. 6 The need for the early detection and prevention of malnutrition among older people is widely recognized, but thus far most of the studies on malnutrition have been conducted in selected populations, mainly among institutionalized people. [7] [8] [9] The vast majority of older people are community-dwelling, and the promotion of their nutritional health might help to prevent adverse health outcomes, such as institutionalization. Population-level data on nutritional status and characterization of people at risk of developing malnutrition facilitate this process.
The aims of the present study were to (i) describe nutritional status and (ii) detect demographical, clinical and functional factors related to the risk of malnutrition in a population-based sample of community-dwelling older people.
Methods
The present cross-sectional study analysed baseline data collected as part of the geriatric multidisciplinary strategy for the good care of the elderly (GeMS) study. This was a population-based randomized comparative study evaluating a model for multidisciplinary geriatric assessment, care and rehabilitation. The study sample (n = 1000) was randomly selected from all the !75-year-old people (n = 5615) living in the city of Kuopio in November 2003. A total of 781 persons attended the baseline examination in 2004 (162 had refused to participate, 55 had died before the baseline examination and 2 had moved residence). For the purpose of this study, those living in institutional care (n = 81) were excluded. Community-dwelling participants with completed nutritional and frailty assessments (n = 621) were included in the present study.
Assessments
All participants were interviewed by a trained nurse. Sociodemographic factors, health behaviour, health and nutritional status, cognitive functioning and functioning in the activities of daily living were assessed.
The nutritional screening was performed using the short version of the mini nutritional assessment (MNA-SF). The MNA-SF is a validated and standardized screening tool that is based on the full MNA developed to detect nutritional problems in older people. [10] [11] [12] The maximum sum score of the MNA-SF is 14; scores of 14-12 indicate normal nutritional status, scores of 11-8 the risk of malnutrition and 7-0 malnutrition.
Self-rated health was determined using a 5-step scale (very poor, poor, moderate, good and very good). In the analyses, the variable was dichotomized to poor and good self-rated health, with the two first steps representing poor and the three latter good. The oral health assessment included questions about dry mouth and chewing problems. The 15-item geriatric depression scale (GDS-15) was used for the screening of depressive symptoms. 13 The use of prescription and non-prescription medications was self-reported by participants during the interviews and verified from prescription forms, drug packages and medical records. Plasma albumin levels and blood haemoglobin (B-Hb) concentrations were measured. Gender-specific cut-off values for low haemoglobin (for men <134 g/l, for women <117 g/l) provided by the Eastern Finland Laboratory Centre were applied in the analyses. P-albumin was used as a continuous variable.
Performance in the basic activities of daily living (ADL) was assessed using the 10-item Barthel Index 14 and in instrumental activities (IADL) by the 8-item Lawton and Brody scale. 15 The scoring for the ADL index is from 0 to 100 and for the IADL scale from 0 to 8, with higher scores indicating better functioning. Cognitive assessment was performed with the mini-mental state examination (MMSE) with scale from 0 to 30 and higher scores indicating better function.
Statistical analysis
The participants were categorized into two groups according to their MNA-SF sum scores using 11 points as the cut-off. The results were expressed as means or medians with standard deviations (SDs) or interquartile range (IQR). Statistical comparisons between the groups were made using a chi-square or t-test with 0.05 considered significant. Univariate and multivariate (stepwise, forward selection) regression analyses were performed to identify demographical, clinical and functional factors associated with possible malnutrition (MNA-SF 11). Receiver-operating characteristic (ROC) curves were used to determine optimal cut-off values (continuous variables) for discriminating possible malnutrition. Internal consistency of the MNA-SF was estimated by calculating Cronbach's with bootstrap type 95% confidence intervals (CIs). Data were analysed using the STATA 11.1 (Stata Corporation, College Station, TX, USA) software.
Ethical approval
All participants or their proxies gave written informed consent to participate in the study. The study protocol was approved by the Research Ethics Committee of the Northern Savo Hospital District, Kuopio, Finland.
Results
The mean (SD) age of the 696 community-dwelling participants was 81 (4.6) years and 69.4% (n = 483) were female. A total of 106 (15.2%) participants, 13.2% of the men and 16.2% of the women, had 11 points or less in the MNA-SF screening. Of these 106 participants with possible malnutrition, 93.4% (n = 99) scored 8-11 points. Only seven participants had 7 points or less in the MNA-SF test.
Participant characteristics are summarized in table 1. The participants with possible malnutrition were older; their mean BMI was lower (P < 0.001), and they had poor self-rated health (P = 0.002) or dry mouth/chewing problems (P < 0.001) more often than the well-nourished participants. GDS-15 test scores suggestive of depression were more frequent among them (P = 0.002), and their mean albumin level (P < 0.001) was lower, as was the haemoglobin concentration in men (P < 0.001). Impairments in the ADLs and IADLs (P < 0.001), use of meal (24.5% vs. 6.8%) or home-care services (45.1% vs. 16.8%) and inability to walk 400 m independently (P < 0.001) were also more common among the participants with possible malnutrition. Furthermore, their mean MMSE sum score was lower (P < 0.001), and 43.4% (n = 46) of the participants with possible malnutrition had MMSE 25, compared with 20.7% (n = 122) of the well-nourished participants.
Factors associated with the risk of malnutrition
In the univariate analysis, possible malnutrition was associated with advanced age, poor self-rated health, the presence of dry mouth/ chewing problems, GDS scores ! 5 and increasing number of drugs in regular use (table 2) . Higher albumin levels, ADL, IADL and MMSE scores and the ability to walk 400 m were inversely associated with possible malnutrition. In the multivariate analysis only dry mouth/chewing problems, IADL and MMSE scores appeared to be independently associated with possible malnutrition. The estimated optimal cut-off points, sensitivity, specificity and predictive values of the factors related to possible malnutrition are presented in table 3.
Evaluation of MNA-SF items
The 
Discussion
In this population-based sample of 696 community-dwelling people aged >75 years, the point prevalence of possible malnutrition was 15% as measured with the MNA-SF. Cognitive decline, impaired IADL function and dry mouth and/or chewing problems were independently associated with the MNA-SF sum scores indicative of possible malnutrition. The prevalence of possible malnutrition found in the present study was in accordance with the results of two recently published Swedish studies 16, 17 (see Supplementary Material) . In a random sample of community-dwelling older Swedes, the prevalence of possible malnutrition was 14.5%, 16 while in the Swedish Twin Study the corresponding rate was 16%, with one percent assessed as malnourished. 17 Among community-dwelling Japanese older people, the prevalence of possible malnutrition was 13% (3). The full MNA was used as the screening test in these three studies. Several studies have reported higher (25%-62%) prevalence rates of possible malnutrition than those found in the present (23) 21 (4) study. 12, 18, 19, 32, 33 These differences may be attributable to demographic, socio-economic and inclusion criteria differences between the studies.
With regard to the assessment method, only two of the studies referred to above used the MNA-SF as a nutritional screening tool. 5, 19 Of the older Turkish people admitted to a geriatric outpatient clinic, 28% were at risk of malnutrition, 5 and in a large Spanish study the proportion of 'at risk' participants was 25% while 4% were malnourished. 19 Dry mouth and/or chewing problems were associated with possible malnutrition in the present study. Saletti and colleagues 18 reported that malnourished older people often had problems with chewing, swallowing or cutlery handling. Furthermore, dental problems and poor eyesight were common among them. A Finnish research group reported that chewing problems were associated with poor nutritional status among older people living in service houses, and moreover, the proportion of malnourished persons increased with the increasing number of oral health problems. 20, 21 Poor oral health and chewing problems have implications for dietary intake and food choices and may therefore affect nutritional status. 22 In a cohort of hospitalized older people, edentate people were found to have more chewing problems, less secretion of saliva and more mouth dryness. 23 These problems were associated with poor nutritional status and general health, decreasing the quality of life. Oral health and continuous oral care may thus play an important role in maintaining normal nutritional status. Furthermore, medication assessment may help to dissolve mouth dryness problems; many medications may decrease the secretion of saliva. 24 Lower MMSE scores were associated with possible malnutrition in the present study. A similar finding was reported in a Swedish study; even mild cognitive impairment might be associated with nutritional risks in older people. 17 Vellas and colleagues 25 suggested that undernourishment was associated with the severity of Alzheimer's disease and predicted more rapid progression of the disease. Saka and co-workers 4 found that dementia was associated with poor nutritional status in a geriatric outpatient cohort. These findings highlight the importance of systematic nutritional assessment at the time of diagnosis of dementia disorder and throughout the disease process in order to prevent malnutrition and implement nutritional interventions sufficiently early. The prevalence of dementia is high: 22% among Europeans aged 80-84 years, 35% at the age of 85-89 years and 54% in people aged above. 9, 26 Together with the finding that good nutritional status may have positive effects on the prognosis of patients with a cognitive decline, 27 this emphasizes further the importance of nutritional assessment and early interventions.
Impaired functioning in IADLs was also associated with possible malnutrition in the present study. This was in accordance with the findings of previous studies conducted in geriatric outpatient clinics. 4, 5 In addition, the oldest Swedish Twin Study participants with possible malnutrition had ADL/IADL decline more often than those with normal nutritional status. 17 Difficulty with meal preparation can be the key factor of malnutrition rather than other IADL disabilities. 3 In our study, the participants with possible malnutrition used meal services more frequently than well-nourished participants. In two Swedish studies, a third of the people receiving home help also used meals-on-wheels services, and the use of meal services was associated with the risk of malnutrition. 17, 18 It is reasonable to assume that malnutrition leads to an increased need for help from the community, including meal services. On the other hand, these findings indicate that it is important to assess whether the use of meal services has been a sufficient intervention to solve the nutritional problems.
The low sensitivity (0.30-0.59) and positive predictive value (0.25-0.28) of the factors associated with possible malnutrition in this study limit their usability as single nutritional screening parameters. However, their specificity (0.68-0.84) and positive likelihood ratio (1.88-2.22) were better, suggesting that people with IADL 6, MMSE 24 or dry mouth/chewing problems are likely to have nutritional deficits and in need of comprehensive nutritional assessment.
The MNA-SF is recommended for nutritional screening in older people both in institutional and community settings. 11 The MNA-SF has been validated against the full MNA test, and it is quick and easy to use. In the present study, the score distribution in each MNA-SF item differed significantly between the at-risk and well-nourished groups. In contrast, the internal consistency of the MNA-SF test was low. Some of the MNA-SF items might need further development and validation to become more applicable for community-dwelling older people. 28 For example, none of the participants had experienced a severe decline in appetite or food intake. The question about weight loss worked at the 'yes or no' level, but more detailed quantification of weight loss seemed to be difficult, and bed-or chair-bound persons were rare in community settings. Furthermore, scoring challenges were observed in the question about neuropsychological problems; the records were not completely in line with the results of the MMSE test. BMI thresholds might need reconsideration as well. BMI < 20 has been used to assess and define malnutrition. 29 Loss of height due to vertebral compressions and postural changes is common among older people, women in particular, which leads to overestimation of BMI. 30 The strengths of the present study were the population-based design, good participation rate and a representative sample of community-dwelling participants, 99% of whom completed the nutritional screening. The participants underwent comprehensive interviews and assessments, and the study design and data collection was conducted by a multiprofessional research team. Furthermore, all the nutritional screens with the MNA-SF were carried out by the same two nurses.
A limitation of this study is that we used only one of the nutritional screening tools recommended by the European Society of Parenteral and Enteral Nutrition Guidelines for Nutrition Screening, 31 namely, the MNA-SF. This test has been widely used, but there are still few studies that have been conducted in community settings. Furthermore, the MNA-SF screening results were not compared with a 'gold standard', which in this case would have been a comprehensive clinical assessment of nutritional status. The MNA-SF lacks this kind of straight validation, although it has shown good sensitivity and specificity when compared with screening with the full MNA. 12 The results of the present study should thus be interpreted with these cautions in mind.
Conclusion
The prevalence of probable malnutrition was 15% in the community-dwelling sample of older Finns. Decline in the instrumental activities of daily living, cognitive impairment, dry mouth and chewing problems were associated with the risk of malnutrition, and older people with these problems need to have comprehensive nutritional assessment. In addition, it should be taken into account that users of meal services may still be at risk of malnutrition. The MNA-SF may have limitations in the nutritional screening of community-dwelling older people although it is recommended and widely used in clinical practice.
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